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TITLE OF THE INVENTION 

SUBSTRATE WITH TRANSPARENT CONDUCTIVE FILM AND 
ORGANIC ELECTROLUMINESCENCE DEVICE USING THE SAME 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a substrate with a 
transparent conductive film and an organic 
electroluminescence (hereinafter referred to as "EL") 
device using the same, and more particularly to a 
substrate with a transparent conductive film, which is 
used as an electrode (anode) of an EL display device, and 
an organic EL device having an organic multilayer film 
laminated on a surface of the transparent conductive 
film. 

Prior Art 

The organic EL device is a display device which has 
an organic multilayer film comprised of a hole transport 
layer, a light-emitting layer, and an electron transport 
layer, interposed between an anode and a cathode, for 
carrying out an electric charge injection/recombination- 
based light-emitting operation. Recently, the organic EL 
device has been actively researched and developed in view 
of its advantageous features as a display device, i.e. a 
lower driving voltage and a wide range of possible 
luminescent colors which can be realized due to the 
variety of organic materials available therefor. 

In an organic EL device of this kind, holes injected 
from the anode and electrons injected from the cathode 
travel through the hole transport layer and the electron 
transport layer to the light-emitting layer where the 
holes and the electrons are recombined to perform a 
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light-emitting operation. As the cathode, a metal 
material, such as aluminum (AL) is employed, and as the 
anode, indium tin oxide (hereinafter referred to as 
"ITO") is employed, which has an excellent transparency 
and a low electrical resistance. 

In the organic EL device of the above-mentioned 
kind, when holes are injected from the anode into the 
light-emitting layer, the holes move from the anode to 
the hole transport layer across an energy barrier between 
the anode and the hole transport layer. The work 
function of an ordinary ITO film, however, is by far 
smaller than the ionization potential Ip of the hole 
transport layer (the ionization potential Ip of the hole 
transport layer is normally 5.5 to 5.6 eV whereas the 
work function of the surface of the ITO film formed by a 
sputtering method is 4.2 to 4.7 eV) , so that the balance 
of injection into the light-emitting layer between 
injected holes and injected electrons is lost, resulting 
an increase in the driving voltage. Therefore, to attain 
a reduced driving voltage, it is necessary to enhance the 
efficiency of injection of holes into the hole transport 
layer, and to this end, the energy barrier between the 
anode and the hole transport layer is required to be 
minimized . 

Further, in the organic EL device, if the 
transparent conductive film as the anode has a large 
surface roughness (difference in height between 
protruding portions and recessed portions), a high 
electric field can be concentratedly applied to 
protruding portions of the surface. This causes a slight 
electric discharge to occur at the protruding portions, 
and therefore makes the device prone to a breakdown to 
form dark points from which light is no longer emitted. 
In short, the durability of the organic EL device is 
degraded. Therefore, the transparent conductive film is 



3 

required to have a minimized surface roughness, i.e. an 
excellent smoothness . 

To meet the above requirements, there has been 
proposed a technique by Japanese Laid-Open Patent 
Publication (Kokai) No. 8-167479 ( hereinafter referred 
to as "the first prior art"), which carries out annealing 
on an ITO film formed as a transparent conductive film to 
obtain a smooth surface on the ITO film, and then 
subjects the resulting surface to further annealing or 
plasma processing, thereby increasing the work function 
of the ITO film to reduce the energy barrier between the 
anode and the hole transport layer. 

More specifically, in the first prior art, after 
depositing amorphous particles formed of ITO onto the 
substrate, annealing is carried out within a temperature 
range of 100 to 500 °C under a non-oxidizing atmosphere, 
thereby causing crystal growth of the particles such that 
the ITO film has a surface roughness of 10 nm or less. 
Further, annealing is effected on the surface within a 
temperature range of 100 to 500 *C under an oxidizing 
atmosphere or a plasma is irradiated onto the surface, to 
make the work function of the surface of the ITO film 
larger than that of an ordinary ITO film, whereby the 
energy barrier between the anode and the hole transport 
layer of the ITO film is reduced. 

In the first prior art, however, although the work 
function of the ITO film can be increased and the surface 
roughness can be reduced to a level of 10 nm or less to 
obtain a good smoothness, the film exhibits a high 
specific resistance of 2 x 10" 4 Q • Cm or higher, since 
the ITO film is formed by the sputtering method. 

More specifically, differently from a voltage driven 
device, such as a crystal display device, the organic EL 
device, which is a current driven device, is susceptible 
resistance in power consumption and display quality to 
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the wiring. To avoid this, it is necessary to reduce the 
resistance of the transparent conductive film (ITO film) 
as the anode, and to this end, it is required to minimize 
the specific resistance of the ITO film. However, the 
ITO film according to the above first prior art, which is 
formed by the conventional sputtering method, has a high 
specific resistance, which not only causes a large power 
loss of an organic EL device using the ITO film owing to 
a high wiring resistance, resulting in an increase in the 
power consumption, but also degrades display quality, 
which makes the ITO film difficult to be applied to 
today's EL devices of which capability of displaying 
high-precision images is demanded. 

Further, the above first prior art is 
disadvantageous in that the film manufacturing process is 
complicated since a post treatment, such as annealing, is 
required . 

As another conventional technique, there has been 
proposed a method of adding a metal oxide having a high 
work function, such as ruthenium oxide, molybdenum oxide 
or vanadium oxide, to ITO (Japanese Laid-Open Patent 
Publication (Kokai) No. 2000-72526; hereinafter referred 
to as "the second prior art"). 

The second prior art adds the above-mentioned metal 
oxide which has a higher work function than that of the 
ordinary ITO, to ITO to thereby increase the work 
function of the surface of an ITO film as a transparent 
conductive film. This enables reduction of the energy 
barrier between the anode and the hole transport layer. 

The second prior art, however, has the disadvantage 
of increased manufacturing costs due to the use of a 
special and expensive metal oxide, such as ruthenium 
oxide or molybdenum oxide, which is added to the ITO. 
Moreover, similarly to the first prior art, the second 
prior art employs the sputtering method in forming the 


ITO film, which therefore only has a specific resistance 
of 7 x 10" 4 Q • Cm or higher. Similarly to the first 
prior art, this results in increased power consumption 
and degraded display quality. This makes the ITO film 
produced by the second prior art difficult to be put to 
practical use in a high-precision EL display device. 

Still another conventional technique has also been 
proposed which forms an ITO film into a bilayer 
structure, whereby one ITO film at an interface side in 
contact with a hole transport layer has an increased work 
function (Japanese Laid-Open Patent Publication (Kokai) 
No. 2000-68073; hereinafter referred to as "the third 
prior art" ) . 

The third prior art attempts to obtain an improved 
hole injection characteristic, by changing the oxygen 
partial pressure during a film forming process for 
forming an ITO film by the sputtering method, so that the 
ionization potential Ip, i.e. the work function of the 
interface portion of the ITO film is made closer to the 
ionization potential Ip of the hole transport layer. 

More specifically, the third prior art changes the 
oxygen partial pressure during the film forming process, 
thereby forming an ITO film having a bilayer structure 
comprised of two layers having respective different 
ionization potentials Ip. However, similarly to the 
first prior art and the second prior art, the third prior 
art as well forms an ITO film by the sputtering method, 
and hence the ITO film has a high specific resistance, 
resulting in increased power consumption and degraded 
display quality. Therefore, this ITO film also suffers 
from the problem that it is difficult to put the same to 
practical use in a high-precision EL display device. 


it 
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SUMMARY OF THE INVENTION 


It is an object of the invention to provide a 
substrate with a transparent conductive film, which has a 
high work function and an excellent surface smoothness as 
well as a reduced specific resistance to thereby ensure a 
reduced power consumption and enhanced display quality, 
and an organic EL device using the same. 

It is desirable that a transparent conductive film 
used in an organic EL device as an anode should have 
characteristics of a high work function, an excellent 
surface smoothness, and a decreased specific resistance 
for reducing power consumption and enhancing display 
quality. 

However, if the sputtering method is employed to 
form an ITO film as in the prior art techniques described 
above, it is required to heat the glass substrate to a 
temperature as high as 3 00 °C or higher to obtain an ITO 
film having a desired low specific resistance. Moreover, 
in this case, to ensure excellent reproducibility of the 
film formation, it is necessary to form the ITO film at a 
very low film-forming speed, which results in poor mass 
productivity. Further, the ITO film formed as above by 
heating the glass substrate to a temperature as high as 
300 *C or higher has a surface roughness of 30 rim or 
larger . 

On the other hand, in the case of forming a 
transparent conductive film on a transparent substrate by 
the conventional sputtering method, so far as the work 
function and the surface roughness are concerned, it is 
possible to achieve values of these characteristics 
satisfactory to some extent. However, it is difficult to 
mass-produce transparent conductive films having a low 
specific resistance of 1.6 x 10" 4 Q • cm or less on an 
industrial scale, and hence difficult to reduce power 


consumption and enhance display quality. 

In view of the above circumstances, the present 
inventors have made intensive studies arid reached a 
finding that if a sintered compact of ITO as a 
transparent conductive material with a tin oxide (Sn02) 
content of 4 to 6 wt% is employed as a material to be 
vaporized, and a transparent conductive film is formed on 
a transparent substrate by an ion plating method, it is 
possible to obtain a substrate with a transparent 
conductive film, for use with an organic EL device, which 
satisfies all the requirements of characteristics, such 
as work function, smoothness, and specific resistance. 

The present invention is based on the above finding, 
and provides a substrate with a transparent conductive 
film comprising a transparent substrate, a transparent 
conductive film formed on a surface of the transparent 
substrate, wherein the transparent conductive film has a 
work function of 4.9 to 5.5 eV, a surface roughness of 1 
to 10 nm, and a specific resistance of 1.6 x 10~4 Q * Cm 
or less. It is preferable that the transparent 
conductive film is formed on the surface of the 
transparent substrate by an ion plating method by using 
indium tin oxide which is a mixture of tin oxide and 
indium oxide as a material to be vaporized, and the 
indium tin oxide has a tin oxide content of 4 to 6 wt% . 

When the above substrate with the transparent 
conductive film is used as a substrate in an organic EL 
device, it is possible to secure an increased efficiency 
of injection of holes into a hole transport layer (hole 
injection efficiency), an excellent smoothness, and 
further a reduced wiring resistance. Moreover, the 
substrate with the transparent conductive film, which is 
also excellent in productivity, can be obtained without 
carrying out a complicated post treatment. ■ 

Further, by laminating an organic multilayer film 
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onto a surface of the transparent conductive film which 
has a high work function, an excellent smoothness, and a 
low specific resistance, it is possible to obtain an 
organic EL device which is reduced in driving voltage, 
and enhanced in durability and display quality with 
reduced power consumption. 

That is, the organic EL device according to the 
present invention is characterized in that a multilayer 
film including a hole transport layer formed of an 
organic material is laminated on a surface of the 
transparent conductive film of the substrate with the 
transparent conductive film. 

According to this organic EL device, the multilayer 
film including the hole transport layer formed of an 
organic material is laminated on the surface of the 
transparent conductive film, so that it is possible to 
decrease an energy barrier between the hole transport 
layer and the transparent conductive film, and reduce the 
driving voltage to 20 V or less. At the same time, the 
excellent smoothness of the transparent conductive film 
can improve durability, and the low specific resistance 
of the same reduces power loss, thereby making it 
possible to obtain a high display quality at a reduced 
power consumption. That is, all the requirements of the 
characteristics for the organic EL device can be 
satisfied. 

Further, the ionization potential Ip of the hole 
transport layer is generally 5.5 to 5.6 eV. Therefore, 
when an organic EL device is produced by using the 
substrate with the transparent conductive film, the 
energy barrier between the hole transport layer and the 
transparent conductive film is reduced to 0 . 7 eV or less, 
thereby making it possible to increase the hole injection 
efficiency of injection of holes from the anode into the 
hole transport layer. This enables the reduction of the 


driving voltage. 

Therefore, it is preferred that the energy barrier 
between the transparent conductive film and the hole 
transport layer is equal to or smaller than 0.7 eV. 

The above and other objects, features, and 
advantages of the invention will become more apparent 
from the following detailed description taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view schematically 
showing the structure of an organic EL device according 
to the present invention; and 

FIG. 2 is a diagram schematically showing the 
internal construction of an ion plating apparatus used to 
manufacture a substrate with a transparent conductive 
film for use in the organic EL device according to the 
present invention . 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENT 

The present invention will now be described in 
detail with reference to the drawings showing an 
embodiment thereof . 

FIG. 1 is a cross-sectional view schematically 
showing the structure of an organic EL device according 
to the invention. 

In the figure, reference numeral 1 designates a 
glass substrate made of soda lime silicate or the like. 
This glass substrate 1 has a surface thereof laminated 
with an ITO film 2 as a transparent conductive film, and 
the ITO film 2 has a surface thererof laminated with an 
organic multilayer film 3. Further, the organic 
multilayer film 3 has a surface thereof laminated with a 


# • 


10 

metal thin film layer 4. 

The organic multilayer film 3 is comprised of a hole 
transport layer 5 for transporting holes from the ITO 
film 2, an electron transport layer 6 for transporting 
electrons from the metal thin film layer 4, a light- 
emitting layer 7 interposed between the electron 
transport layer 6 and the hole transport layer 5 . The 
hole transport layer 5, the electron transport layer 6, 
and the light-emitting layer 7 are all formed of organic 
materials . 

More specifically, as an organic material forming 
the hole transport layer 5^ can be used triphenyldiamine 
or m-MTDATA (for example, 4 , 4 ' , 4 " -tris ( -N- (3 - 
methylphenyl) -N-phenylamino) triphenylamine) . As an 
organic material forming the electron transport layer 6, 
there can be used a silole derivative or a 
cyclopentadiene derivative . 

The light-emitting layer 7 has a base material 
containing a dopant . As an organic material forming the 
base material, there can be used a quinolinol aluminum 
complex or DPVBi (for example, 4 , 4 ' -bis ( 2 , 2 ' - 
diphenylvinyl ) bipheny 1 ) . 

Further, as a metal material forming the metal thin 
film layer 4, there can be employed Al, Mg, In, Ag, In- 
Li, Mg-Sr, Al-Sr, or the like. 

In the organic EL device configured as above, when a 
voltage is applied between the ITO film 2 as an anode and 
the metal thin film layer 4 as a cathode, holes from the 
ITO film 2 reach the light-emitting layer 7 via the hole 
transport layer 5, while electrons from the metal thin 
film layer 4 reach the light-emitting layer 7 via the 
electron transport layer 6, whereupon the holes and the 
electrons are recombined in the light-emitting layer 7 to 
emit almost all light in a direction indicated by an 
arrow "A" . 


IV 
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In the present embodiment, the characteristics of 
the ITO film 2 are set such that the work function is 
4.9 to 5.5 eV, the surface roughness is 1 to 10 (mrv) and 
the specific resistance is 1.0 x 10~4 to 1.6 x 10~4 Q ♦ 
5 cm. Further, the ITO film 2 set as above can be formed 

easily on the surface of the glass substrate 1 by an ion 
plating method by using a sintered compact of ITO set to 
have an Sn02 content of 4 to 6 wt% as a film-forming 
tablet (material to be vaporized) . 
10 In the following, the reasons for setting the work 

function, the surface roughness, the specific resistance, 
and the Sn02 content to the above respective ranges will 
be described in detail . 


Q (1) Work Function 

15 Holes are injected into the light-emitting layer 7 

fJl 

E} from the ITO film 2 via the hole transport layer 5. To 

P reduce the driving voltage of the organic EL device, it 

fij 

£1 is required to increase the hole injection efficiency. 

up To this end, the energy barrier between the ITO film 2 

H ... 

20 and the hole transport layer 5 has to be minimized. More 

specifically, the organic material, such as 

triphenyldiamine, which is employed as the hole transport 

layer 5, normally has an ionization potential Ip of 5.5 

to 5.6 eV. Therefore, it is necessary to increase the 

25 work function of the ITO film 2 to a value closer to the 

ionization potential Ip of 5.5 to 5.6 eV of the hole 
transport layer 5. To increase the hole injection 
efficiency to thereby realize a desired lower driving 
voltage (e.g. 20V or less), the energy barrier between 

30 the ITO film 2 and the hole transport layer 5 has to be 

lowered to a level of 0.7 eV or less. To meet this 
requirement, in the present embodiment, the work function 
of the ITO film 2 is set to 4.9 to 5.5 eV. 
(2) Surface Roughness 

35 If the ITO film 2 has a remarkably rough or uneven 
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surface, an electric field is concentratedly applied to 
protruding portions of the surface. This causes a slight 
discharge to occur at the protruding portions, and 
therefore makes the device prove to a breakdown to form 
dark points from which light is no longer emitted, 
resulting in degraded durability of the organic EL 
device. Therefore, to maintain excellent light-emitting 
properties and durability of the device, the surface 
roughness of the ITO film 2 has to be minimized. To this 
end, in the present embodiment, the surface roughness is 
set to 1 to 10 nm while taking productivity into 
consideration . 

(3) Specific Resistance 

Since the organic EL device is a current driven 
device, it is susceptible in electrical power consumption 
and display quality to the wiring resistance. Therefore, 
to realize a low power consumption and an excellent 
display quality, it is preferable that the ITO film 2 as 
the anode has a small resistance, and therefore the 
specific resistance of the ITO film 2 has to be 
minimized. More specifically, when the specific 
resistance of the ITO film 2 exceeds 1.6 x 10~ 4 Q • cm, 
increased power loss is caused by the wiring resistance, 
resulting in increased power consumption and degraded 
display quality. On the other hand, it is technically 
difficult to set the specific resistance of the ITO film 
2 to a value 1.0 x 10~ 4 Q • Cm or less. Therefore, in the 
present embodiment, the specific resistance of the ITO 
film 2 is set to 1.0 x 10" 4 to 1.6 x 10" 4 Q •Cm. 

(4) Sn02 Content of ITO Sintered compact 

To set the work function, surface roughness, and 
specific resistance of the ITO film 2 to respective 
values within the above ranges, it is required to form an 
ITO film 2 on the glass substrate 1 by using the ion 
plating method. In this process, the Sn02 content of the 
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ITO sintered compact as film- forming tablet, that is, the 
ratio of Sn02/1T0 is an important factor in attaining the 
above goals. 

More specifically, if the ratio of Sn02/ITO is 
smaller than 4 wt%, although the work function is then 
increased, the resulting specific resistance exceeds 1.6 
x 10" 4 Q • Cm, which results in increased power 
consumption and degraded display quality. On the other 
hand, also if the ratio of Sn02/ITO is larger than 6 wt%, 
the resulting specific resistance exceeds the above 1.6 x 
10~ 4 Q • Cm. Furthermore, in this case, the work function 
is also lowered, and hence the energy barrier between the 
ITO film 2 and the hole transport layer 5 is increased to 
increase the driving voltage as well. Therefore, in the 
preS ent embodiment, the ratio of Sn02/IT0 is set to 4 to 
6 wt%. 

Next, the method of forming the above ITO film 2 on 
the glass substrate 1 will be described. 

FIG. 2 is a diagram schematically showing an 
internal construction of an ion plating apparatus which 
is used for producing the substrate with a transparent 
conductive film. 

In the figure, a vacuum vessel 8 serving as a film- 
forming chamber has one side wall formed with an exhaust 
port 9, and an opposite side wall formed with a hollow 
cylindrical portion 10. The hollow cylindrical portion 
10 has a plasma gun 12 of a pressure gradient type 
mounted therein, and a convergence coil 11 wound around 
the outer periphery of the portion 10. 

The plasma gun 12 is comprised of a second 
intermediate electrode 14 containing an electromagnetic 
coil 13 and connected to the hollow cylindrical portion 
10, a first intermediate electrode 16 containing an 
annular permanent magnet 15 and arranged in parallel with 
the second intermediate electrode 14, a cathode 17, and a 
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hollow cylindrical glass tube 18 interposed between the 
cathode 17 and the first intermediate electrode 16. 

The electromagnetic coil 13 is excited by a power 
supply 19, while the convergence coil 11 is excited by a 
power supply 20. It should be noted that the power 
supplies 19 and 20 are both variable power supplies. 

The second and first intermediate electrodes 14 and 
16 are connected to one end (positive side) of a main 
power supply 23 of a variable voltage type via respective 
dropping resistors 21 and 22. The other end (negative 
side) of the main power supply 2 3 is connected to the 
cathode 17. Further, an auxiliary discharge power supply 
24 and a dropping resistor 25 are connected in parallel 
with the main power supply 23 via a switch 26. 

The glass tube 18 contains a hollow cylindrical 
member 2 7 which is made of Mo (molybdenum) and rigidly 
fixed to the cathode 17, a pipe 28 made of Ta (tantalum), 
and a disk- shaped member 2 9 which is made of LaB6 and 
rigidly fixed to the hollow cylindrical member 27 at a 
location in front of the pipe 28. A discharge gas (e.g. 
argon gas with a predetermined oxygen content) is fed 
into the plasma gun 12 through the pipe 28 from a 
direction indicated by an arrow "B" . 

The vacuum vessel 8 contains a main hearth 31 
arranged on the bottom thereof for receiving an ITO 
sintered compact 30 as a film-forming tablet. The main 
hearth 31 has an auxiliary hearth 32 arranged along a 
periphery thereof. The main hearth 31 is made of an 
electrically-conductive material having an excellent 
thermal conductivity, such as copper, and has a recess 
for receiving plasma beams from the plasma gun 12 . 
Further, the main hearth 31 is connected to the positive 
side of the main power supply 23 to form an anode for 
attracting the plasma beams . 

Similarly to the main hearth 31, the auxiliary 
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hearth 32 as well is made of an electrically-conductive 
material having an excellent thermal conductivity, such 
as copper. The auxiliary hearth 32 accommodates an 
annular permanent magnet 33 and an electromagnet 3 4 that 
is excited by a hearth coil power supply 3 5 which is a 
variable power supply. More specifically, the auxiliary 
hearth 32 has an annular vessel surrounding the main 
hearth 31, with the annular permanent magnet 33 and the 
electromagnet 3 4 coaxially laminated therein, and the 
electromagnet 3 4 is connected to the hearth coil power 
supply 35, such that a magnetic field generated by the 
annular permanent magnet 33 and a magnetic field 
generated by the electromagnet 34 overlap each other. In 
this case, the direction of a center-side magnet field 
generated by the annular permanent magnet 33, and the 
direction of a center-side magnet field generated by the 
electromagnet 34 are identical. By changing the voltage 
of the hearth coil power supply 35, a current supplied to 
the electromagnet 3 4 can be varied. 

Further, similarly to the main hearth 31, the 
auxiliary hearth 32 as well is connected to the positive 
side of the main power supply 23 via a dropping resistor 
3 6 to form an anode. 

A heater 37 is arranged at a top portion of the 
vacuum vessel 8, for heating the glass substrate 1 to a 
predetermined temperature . 

In the ion plating apparatus constructed as above, 
the ITO sintered compact 3 0 with an Sn02 content of 4 to 
6 wt% is placed in the recess of the main hearth 31, and 
a discharge gas is supplied to the pipe 2 8 from the 
cathode 17 side of the plasma gun 12, Then, a discharge 
occurs between the pipe 2 8 and the main hearth 31 to 
thereby generate a plasma beam. This plasma beam is 
converged by the annular permanent magnet 15 and the 
electromagnetic coil 13, and guided by a magnetic field 
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which is defined by the convergence coil 11 as well as 
the annular permanent magnet 3 3 and the electromagnet 3 4 
in the auxiliary hearth 32 to reach the main hearth 31. 

The ITO sintered compact 3 0 in the main hearth 31 is 
heated by the plasma beam to be vaporized. Particles 
formed by the vaporization are ionized by the plasma beam 
and deposited onto the surface of the glass substrate 1 
heated by the heater 37. Thus, the ITO film 2 is formed 
on the glass substrate 1. 

EXAMPLES 

Next, Examples of the present invention will be 
described in detail . 

The present inventors prepared substrates with 
transparent conductive films by the ion plating method, 
by using five types of ITO sintered compacts which are 
different in Sn02 content from each other. 

More specifically, the ITO sintered compacts that 
have Sn02 contents of 4 to 6 wt% which are within the 
range of the invention were used as film-forming tablets, 
and ITO films 2 having a thickness of 150 run were formed 
on glass substrates 1 by the ion plating method under the 
following discharge conditions, thereby producing three 
types of test pieces (Examples 1 to 3 ) . 

[ Di s charge Condi t ions ] 
Discharge gas: Ar + O2 
Discharge current : 2 0 OA 
Pressure within 

the vacuum vessel: 2.66 x lO^Pa (2.0 x 10~ 3 Torr) 
Partial pressure of 

oxygen in discharge gas: 2.6 6 x 10~2pa (2.0 x 

10~ 4 Torr) 

Temperature of glass substrate 1: 200 *C 
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Further, by using ITO sintered compacts that have 
Sn02 contents of 3 wt% and 10 wt% as film- forming 
tablets, under the same discharge condition as in the 
above Examples 1 to 3 , ITO films 2 having a thickness of 
150 nm were formed on glass substrates 1, thereby 
producing two types of test pieces (Comparative Examples 
1, 2). 

Next, by using an ITO sintered compact with a Sn02 
contents of 10 wt% as a film-forming target, sputtering 
was carried out by means of a DC sputtering apparatus 
under the following conditions, to form an ITO film 2 
with a thickness of 150 nm on a glass substrate 1, 
thereby producing a test piece (Comparative Example 3) . 

[ Sputtering Conditions ] 

Sputtering gas: Ar + O2 (where O2 : 10 vol%) 
Pressure of sputtering gas: 4 x 10 _1 Pa (3.0 x 

10 _3 Torr ) 
Power supply: 6 0 0W 

Temperature of glass substrate: 200 *C 

Further, triphenyldiamine having an ionization 
potential Ip of 5 . 6 eV was deposited onto a surface of 
each test piece to form a hole transport layer 5. Then, 
a quinolinol aluminum complex doped with quinacridone 
(approximately 0.5 wt%) was deposited onto a surface of 
the above hole transport layer, whereby a light-emitting 
layer 7 was formed. Further, a silole derivative was 
deposited onto the light-emitting layer 7 to thereby form 
an electron transport layer 6, and finally, aluminum was 
deposited onto the electron transport layer 6 to form a 
metal thin film layer 4, whereby an organic EL device was 
produced. 

It should be noted that each of the above-mentioned 
hole transport layer 5, light-emitting layer 7, electron 
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transport layer 6, and metal thin film layer 4 was formed 
by a vacuum deposition method well known in the art, such 
that the hole transport layer 5, the light -emit ting layer 
7, the electron transport layer 6, and the metal thin 
film layer 4 had respective film thicknesses of 5 nm, 7 
nm, 40 nm, and 40 nm. 

Then, as to each test piece 2, the work function, 
specific resistance, surface roughness of a surface of 
the ITO film 2, and the driving voltage of the test piece 
2 as an organic EL device were measured. 

Table 1 shows the values of characteristics (work 
function, specific resistance, surface roughness) of the 
ITO films 2, and the driving voltages of the respective 
organic EL devices. Further, the energy barrier of each 
test piece 2 was calculated by subtracting the ionization 
potential Ip (5.6 eV) of the hole transport layer 5 from 
the work function of the ITO film 2. 


Table 1 



Sn0 2 / 

ITO 

(wt%) 

Work 
func- 
tion 
(eV) 

Sur- 
face 
rough- 
ness 
(nm) 

Specific 
resis- 
tance 
(xlO" 4 Q-cm) 

Energy- 
bar- 
rier 
(eV) 

Driv- 
ing 
volt- 
age 
(V) 

Evalua- 
tion 

Exam- 
ple 

1 

6 

4 . 9 

8 

1.5 

0.7 

20 

o 

2 

5 

5.2 

7 

1.3 

0.4 

17 

o 

3 

4 

5.5 

6 

1.6 

0.1 

10 

o 

Com- 
para- 
tive 
Exam- 
ple 

1 

3* 

5.6 

7 

1 . 9* 

0 

8 

X 

2 

10* 

4 . 8* 

6 

1.9* 

0.8* 

23* 

X 

3 

10* 

4 . 7* 

32* 

1.7* 

0.9* 

25* 

X 


(note: the asterisked values are not within the range of 
the present invention) 

In Table 1, the work function was measured by using 
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"Surface Analysis Apparatus AC-1" manufactured by Riken 
Keiki Co., Ltd. The specific resistance was calculated 
by measuring sheet resistance by a four-probe method. 
The surface roughness was calculated by measuring 
irregularities on an area of 1 £iir\2 of the surface of 
each test piece by using an atomic force microscope 
" SPM3 7 0 0" manufactured by Seiko Instruments Inc. 
Further, the driving voltage was calculated by measuring 
voltages obtained when a current of 0.01 A/cm^ flowed 
through the test pieces. 

As is clearly shown in Table 1, Comparative Example 
1 has a high work function of 5.6 eV and an energy 
barrier of 0 eV, and hence shows a low driving voltage of 
8 V and a small surface roughness of 7 nm. Therefore, 
there occurs no local concentration of electric field on 
the surface of the ITO film 2, and the film has an 
excellent durability. However, since the ITO film 2 was 
formed by using the ITO sintered compact with a Sn02 
content of 3 wt%, it shows an increased specific 
resistance of 1.9 x 10~ 4 Q -Cm and hence an increased 
wiring resistance (power loss) . Therefore, it was found 
that Comparative Example 1 has increased power 
consumption and degraded display quality. 

Further, Comparative Example 2 has a small surface 
roughness of 6 nm. This prevents occurrence of local 
concentration of electric field on the surface of the ITO 
film 2 and ensures excellent durability. However, since 
the ITO film 2 was formed by using the ITO sintered 
compact with a Sn02 content of 10 wt% , it shows a reduced 
work function of 4.8 eV. This causes the ITO film 2 to 
have an increased energy barrier of 0.8 eV, and hence an 
increased driving voltage of 23 V. Moreover, similarly 
to Comparative Example 1, the film has an increased 
specific resistance of 1.90 x 10 -4 Q • Cm, causing an 
increased wiring resistance. It was also found that 
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Comparative Example 2 has increased power consumption and 
degraded display quality. 

Still further, in the case of Comparative Example 3, 
since the ITO film 2 was formed by using the ITO sintered 
compact with a Sn02 content of 10 wt% , and sputtering was 
carried out with the temperature of the substrate set to 
a relatively low temperature of 200 *C , similarly to the 
ion plating method, Comparative Example 3 shows a high 
work function and hence necessitates a higher driving 
voltage. Further, Comparative Example 3 has an increased 
surface roughness of 32 nm, which causes a local 
concentration of electrical field on protruding portions 
of the surface, so that a breakdown of the device is 
liable to occur and hence the durability is degraded. 
Further, Comparative Example 3 shows a high specific 
resistance, which results in increased power consumption 
and degraded display quality. 

In contrast, Examples 1 to 3 have ITO films with 
Sn02 contents of 4 to 6 wt%, so that they have work 
functions of 4.9 to 5.5 eV, surface roughnesses of 6 to 8 
nm, and specific resistances of 1.6 x 10" 4 Q • cm or less. 
This makes it possible to reduce the driving voltage to 
20 V or less, enhance the smoothness and durability, and 
realize low power consumption and high display quality. 
As a result, it is possible to satisfy all the 
requirements of characteristics demanded of the organic 
EL device . 


